Abstract. Sanguisorba officinalis L. has been used in traditional Asian medicine to treat diseases including diarrhea, chronic intestinal infections, duodenal ulcers and bleeding. This study examined the antiproliferative effects and apoptotic activity of hot water extract of S. officinalis L. (HESO) on HSC4 and HN22 human oral cancer cells. The effects of HESO were evaluated by the 3-(4,5-dimethylthiazol-20yl)-(3-carboxymethoxyphenyl)-2-(4-sulphophenyl)-2H-tetrazolium (MTS) assay, 4'-6-diamidino-2-phenylindole (DAPI) staining and western blot analysis. HESO was found to inhibit cell growth and induce apoptosis in HSC4 and HN22 oral cancer cells. HESO downregulated myeloid cell leukemia-1 (Mcl-1) in HSC4 cells and was associated with the activation of Bak, resulting in Bak oligomerization on the mitochondrial outer membrane. HESO did not alter Mcl-1 expression in HN22 cells, but it decreased Sp1 expression. The downregulation of Sp1 by HESO in HN22 cells resulted in a decrease in survivin, a downstream target protein of Sp1. These results suggested that HESO inhibited the growth of oral cancer through either Mcl-1 or Sp1, indicating that HESO may serve as a potential drug candidate against oral cancer.
Introduction
Statistical projections indicated that 1,596,670 new cases of cancer and 571,950 mortalities would occur in the United States in 2011 (1) . Oral cancer is a serious health problem in many other parts of the world and the eighth-leading cause of cancer-related death in men. Certain studies suggest that the risk factors for oral cancer are tobacco, alcohol, ultraviolet light and oral lesions (2, 3) . Although the incidence of oral cancer is low, patients have a poor prognosis, and the five-year survival rate has remained unchanged at approximately 50%. Accordingly, the development of more effective therapeutic strategies for the prevention and therapy of oral cancer is imperative.
Mcl-1 is a Bcl-2-family protein that is essential in apoptosis control, and it rapidly decreases during apoptosis (4) . In human malignancies, the increased expression of Mcl-1 causes tumor progression and chemoresistance (5) . Natural products derived from plant sources modulate apoptosis through the downregulation of Mcl-1. Lycorine isolated from Amaryllidaceae lycoris induces apoptosis and causes a rapid turnover of Mcl-1 expression in human leukemia cell lines (6) . The apoptotic effects of Honokiol, purified from magnolia, appear to be associated with the downregulation of Mcl-1 in B-cell chronic lymphocytic leukemia (7) . Thus, the downregulation of Mcl-1 may be an attractive therapeutic strategy for inducing apoptosis. The pro-apoptotic protein Bak is constitutively integrated in the mitochondrial outer membrane, but changes conformation and forms oligomeric complexes in response to apoptotic stimuli (8) . Notably, the downregulation of Mcl-1 by chemotherapeutic agents is associated with the activation of Bak (9) (10) (11) . Therefore, the study of Bak in cancer cells expressing Mcl-1 may provide a promising strategy.
Sanguisorba officinalis L. has anti-inflammatory, antiallergic and anxiolytic activities (12) (13) (14) (15) . Moreover, several triterpenoids isolated from the roots of S. officinalis L. have been shown to inhibit the growth of tumor cell lines (16) . However, its effects in oral cancer and the mechanism of S. officinalis L.-induced apoptosis remain poorly defined. In this study, we provide experimental evidence that an extract of S. officinalis L. inhibits cell growth and induces apoptosis in oral cancer cell lines. DAPI staining. Apoptotic cells with chromatin condensation and nuclear fragmentation were confirmed morphologically using fluorescent nuclear dye 4'-6-diamidino-2-phenylindole (DAPI; Sigma Chemical Co, MO, USA). HSC4 and HN22 cells treated with HESO were harvested by trypsinization and fixed in 100% methanol at room temperature for 10 min. Both cells were deposited on slides and stained with DAPI solution (2 µg/ml). The cell morphology was observed under a fluorescence microscope.
Western blot analysis. Whole cell lysates were extracted using lysis buffer and the protein concentration of lysates was quantified using the DC Protein Assay (Bio-Rad Laboratories, Hercules, CA, USA). Samples containing equal amounts of protein were separated by SDS-PAGE and transferred to Immun-Blot PVDF membranes (Bio-Rad). The membranes were blocked with 5% skimmed milk in TBST at room temperature for 2 h, and incubated overnight at 4˚C with primary antibodies against PARP, Sp1, Mcl-1, Bak, survivin or actin, followed by incubation with HRP-conjugated secondary antibodies. Antibody-bound proteins were detected using the ECL Western Blotting Luminol reagent (Santa Cruz Biotechnology, Inc.).
Detection of Bak activation. HSC4 cells were harvested and whole-cell lysates were extracted using lysis buffer. The extracted protein was analyzed by western blot analysis. Bak activation was detected using the primary antibody recognizing only the active form of Bak (Ab-2).
Cross-linking. For Bak oligomerization, HSC4 cells were treated with vehicle (DMSO) or HESO (200, 400 and 600 µg/ml) for 48 h. Cells were harvested and suspended in conjugation buffer with 10 mM EDTA. Lysates were incubated with 0.2 mM bismaleimide (BMH; Thermo Scientific, Rockford, IL, USA) at room temperature for 1 h, and then extracted with lysis buffer for western blot analysis.
Statistical analysis. Student's t-test was used to determine the significance of differences between the control and treatment groups, and p<0.05 was considered to indicate a statistically significant result.
Results

Growth inhibition effects of HESO on human oral cancer cells.
To investigate whether HESO inhibits the growth of HSC4 and HN22 human oral cancer cells, cells were treated with DMSO or various doses of HESO (200, 400 and 600 µg/ml for HSC4 cells and 100, 200 and 400 µg/ml for HN22 cells) for 24 or 48 h. The morphological changes were observed using an optical microscope after 48 h. Results showed that HESO-treated cells were detached in a dose-dependent manner (Fig. 1) . The effect of HESO on cell viability was examined using the MTS assay. The cell viability of both cell lines decreased signficantly and dose-dependently upon treatment with HESO ( Fig. 2A and B). The IC50 value was 391.3 µg/ml for HSC4 cells and 259.9 µg/ml for HN22 cells at 48 h. These results indicated that HESO inhibited growth of human oral cancer cells.
Apoptotic effect of HESO on human oral cancer cells. We then examined whether the growth inhibition by HESO was associated with an apoptotic effect using western blot analysis and DAPI staining. Fig. 3 demonstrates that there was a decrease in total PARP expression in both cells lines following treatment with HESO for 48 h, indicating that PARP might be cleaved to yield a 89-kDa fragment. In addition, HSC4 and HN22 cells treated with various doses of HESO for 48 h exhibited chromatin condensation and nuclear fragmentation, characteristic features of cells undergoing apoptosis. The percentage of cells with nuclear fragmentation in the HESO-treated group compared with the DMSO-treated group is shown in Fig. 4A and B. These results demonstrate that HESO induced apoptosis in human oral cancer cells.
HESO induces downregulation of either Mcl-1 or
Sp1. An earlier study suggest that downregulation of Mcl-1 protein may be required to initiate the apoptosis cascade leading to cytochrome c release (17) . Our own previous study found that the inhibition of Mcl-1 by tolfenamic acid induces apoptosis Fig. 5B shows that HESO caused a marked increase in Bak expression, but failed to modulate Bax expression. During the apoptotic cell death process, Bak undergoes a conformational change and oligomerization on the mitochondrial outer membrane. To evaluate whether Bak underwent a conformational change from the inactive form to the active form during HESO-induced apoptosis, we measured Bak using an antibody recognizing only the active form. The results demonstrated that HESO treatment resulted in an increase in the active form of Bak, indicating that Bak underwent a conformational change. We next investigated whether the Bak protein oligomerized on the mitochondrial outer membrane. Following treatment of HSC4 cells with HESO, BMH was used to crosslink oligomerized Bak. Fig. 5C shows that the level of oligomerized Bak increased in HESO-treated HSC4 cells. Next, we investigated whether HESO affected Sp1 in HN22 cells, since HESO did not change Mcl-1 protein expression. HESO was found to significantly decrease Sp1 and also reduce the expression of survivin, its downstream target (Fig. 5D ).
Discussion
The evasion of apoptosis is associated with tumor progression, chemotherapy resistance and poor clinical outcome. Cancer In this study, we determined whether HESO was capable of inhibiting cell growth and decreasing Mcl-1 expression to induce apoptosis in oral cancer cells. We found that HESO inhibited cell growth and induced apoptosis in HSC4 and HN22 oral cancer cell lines. However, HESO-induced apoptosis in HSC4 cells was associated with a decrease in Mcl-1 expression, whereas Mcl-1 expression did not change in HN22 cells.
Permeabilization of the mitochondria during apoptosis is regulated by pro-apoptotic proteins, including multidomain Bak and Bax, and BH3-only; Bim and tBid, which are activators of Bax/Bak; and Bad, Bik, Noxa, Puma, Hrk and Bmf, which are sensitizers of Bax/Bak. These interplay with anti-apoptotic proteins, including Bcl-2, Bcl-xl, Mcl-1 and Bfl-1/A1. Upon the induction of apoptosis, several apoptogenic factors (including cytochrome c and AIF) are released from the mitochondria to the cytosol (26, 27) . AIF is involved in initiating a caspaseindependent pathway of apoptosis, while cytochrome c binds to Apaf-1 and caspase 9, leading to complex formation and the activation of caspases such as caspase 3 and caspase 7 (28) . Recent studies suggest that Bak activation is required for cytochrome c to be released and for apoptosis to occur (29) (30) (31) (32) ). This process is followed by the induction of a conformational In view of the observation that Mcl-1 expression was not altered by HESO in HN22 cells, we hypothesized that the mechanism of HESO on apoptotic activity might be different in each cell line. Therefore, we focused on the molecular target for HESO-induced apoptosis in HN22 cells. Previous studies reported that Sp1 is overexpressed in many human tumor and cancer cell lines (35, 36) . Furthermore, we reported that downregulation of Sp1 induces apoptosis in cervical, prostate and oral cancer cells (37) (38) (39) . Thus, we examined whether HESO-induced apoptosis was associated with the Sp1 protein.
We found that HESO decreased Sp1 expression in HN22 cells. Several studies found that Sp1 regulates survivin as its downstream target in various cancer cell lines (37, (39) (40) (41) . We also found that HESO significantly decreased survivin, suggesting that the downregulation of Sp1 by HESO in HN22 cells resulted in a decrease of survivin expression.
In summary, HESO decreased cell growth and induced apoptosis in HSC4 and HN22 human oral cancer cells. HESO reduced Mcl-1 protein in HSC4 cells and caused the activation and oligomerization of Bak, inducing apoptosis. In HN22 cells, HESO decreased Sp1 and its downstream target, survivin. Although a study of the antitumor effect of HESO in animal models is required, our results clearly demonstrate that HESO may be a potential drug candidate against oral cancer, targeting either Mcl-1 or Sp1.
